INTRODUCTION
Although seabird attraction to commercial trawlers discarding fish waste is a frequent sight in many of the world's oceans, the relative importance of this process in the ecology of seabird communities remains poorly understood. A number of studies on seabird distribution and abundance in relation to trawlers have documented that trawling activities world-wide can attract large numbers of seabirds, and may generate important foods for several species (eg. Boswall 1960 , Abrams 1985 , Hudson & Furness 1988 , Thompson 1992 , Camphuysen et al. 1995a . In areas such as the North Sea, these so-called 'scavengers' have been reported to make intensive use of discarded matter (Hudson & Furness 1988 , Garthe 1993 , Camphuysen et al. 1995a ). These observations have raised widespread concerns regarding the impact of general reductions in fish waste, or increases in mesh size, on seabird populations (Furness 1992 , Garthe et al. 1996 . However, although scavenging seabirds have often been treated as dietary guilds mainly exploiting waste products from human fishing activities (Abrams 1985 ABSTRACT: Seabird aggregation and scavenging around fishing vessels is widely assumed to be a major component of seabird ecology. However, few field data have shown the relative importance of human fishing activities in comparison with the distribution of marine habitats and the availability of natural food sources. Here we perform a spatial analysis of the relative influence of fishing activities, by modelling observed density gradients of working trawlers and attracted seabirds along PCAderived large scale gradients in hydrographic variables and abundance of small herring Clupea harengus, from shallow estuarine waters to deep oceanic waters across the Baltic Sea-North Sea interface. All hydrographic and biological data, including numbers of attracted seabirds, were collected synoptically from a ship sampling systematically throughout the region. The analysis indicates that a relatively small degree of overlap exists between the spatial distribution of fishing vessels and that of potentially scavenging seabirds. Gradients in the abundance of seabirds attracted to the ship indicate responses to hydrographic features such as upwelling zones and fronts, and gradients in the supply of natural foods such as schools of immature herring, rather than responses to changes in the supply of discards from fishing vessels. Estimates of the scale of attraction of seabirds by the research ship further indicate that attraction in the Baltic Sea-North Sea gradient is a local (<10 km) process. The small-scale nature of the attraction of seabirds to ships in the region is further tested by displaying observations of trawlers and attracted seabirds obtained from separate cruises in relation to observed salinity and pycnocline characteristics. We suggest that in similar heterogeneous environments at least, attraction of seabirds by trawlers is predominantly a result of local processes. Our results illustrate that the importance of human fisheries in seabird ecology cannot be assessed without detailed knowledge of seabirds' dependence on natural food sources and habitats.
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Resale or republication not permitted without written consent of the publisher 1992, Camphuysen et al. 1995a) , the total populations of potential scavengers at sea seem to exceed the populations recorded in proximity to fishing trawlers (Tasker & Becker 1992 , Camphuysen et al. 1993 . Scavenging species may make only secondary use of discards and offal provided by fisheries. Brown (1970) documented that in spite of the large numbers of fulmars Fulmarus glacialis frequently recorded at trawlers in Newfoundland waters, their distribution was primarily controlled by oceanographic features; Camphuysen & Garthe (1997) came to the same conclusions for the North Sea on the basis of year-round studies. Camphuysen et al. (1995b) showed that gannets Sula bassana from the breeding colony at Bass Rock, eastern Scotland, largely ignore fishing vessels while feeding on herring Clupea harengus at large distances from the colony.
Commercial fishing activities in north-western Europe are focussed on shelf and shelf break regions, environments characterised by heterogeneity and offering multiple natural food sources for seabirds. The role of fisheries as a component of seabirds' habitat has never been satisfactorily resolved in these environments. This is mainly due to the heterogeneity of food supplies, the scarcity of data on seabirds' use of natural food sources outside the breeding season and in offshore waters, and the wide ranging distributions of both seabirds and fishing vessels. Accordingly, estimated rates of consumption of discarded fish and offal by seabirds have so far relied on 2 assumptions (Hudson & Furness 1988 , Camphuysen et al. 1995a , Garthe et al. 1996 : (1) natural food sources comprise a minor proportion of the diet of the species in question; and, (2) a specific utilisation rate is unrelated to the marine habitat where the fishery is undertaken.
Given that comprehensive dietary data on natural food sources in offshore waters are lacking for all potential scavengers in the region, formal tests of the first assumption are currently unfeasible. The data available from coastal environments indicate that the role of discards and offal in the diet of potential scavengers varies considerably between species and breeding colonies: from negligible to supplementary (mainly during periods of low availability of natural prey) to highly important (Hamer et al. 1991 , Walsh et al. 1991 , Camphuysen et al. 1995a , Oro et al. 1995a ). The potential bias introduced by the second assumption is equally large, as estimates of rates of seabird consumption of fish waste are made over extremely large areas (>10 5 km 2 ; Camphuysen et al. 1995a , Garthe et al. 1996 , disregarding oceanographic or other habitat boundaries. We tested the second assumption by comparing the spatial distribution of fishing vessels and seabirds scavenging at a stationary research vessel across strong habitat boundaries in the North Sea and Baltic Sea, and by assessing the scale over which the attraction to fishing vessels occurs in these regions. The dispersal of non-breeding seabirds in the North Sea and the Baltic Sea has been well established through extensive recent mapping programmes (see overviews in Durinck et al. 1994 , Laursen et al. 1997 . The fishing fleets operating in the North Sea and the Baltic Sea are engaged in demersal and pelagic fisheries, which produce large amounts of discards and offal. This made it possible to compare gradients in the number of seabirds attracted to the research vessel and observed trawlers across strong physical oceanographic gradients throughout the region. The test assumes higher number of scavengers in areas with high rates of discard, and hence a positive correlation between trawler density and abundance of attracted seabirds.
MATERIALS AND METHODS
Study area. The study area was the salinity gradient between the Baltic Sea and the North Sea, as well as high-and low-saline waters west and east of the gradient. The main sampling activity took place within a region stretching between 03°00' E and 11°00' E (Fig. 1) . The surface salinity ranges from 34 to 35 psu in the North Sea to 30 to 34.5 psu in the Skagerrak, 8 to 30 psu in the Kattegat and 7 to 8 psu in the Baltic proper (Lee 1980 , Kullenberg 1981 . In addition to the surface gradient, the major part of these regions is characterised by a strong vertical halocline, which in parts of the Kattegat and the Skagerrak takes the form of an extensive shallow pycnocline (Hognestad 1987) . Four to five currents run eastwards from the North Sea into the Skagerrak on the Danish shelf, while a westward current runs from the Baltic to the North Sea over the Norwegian shelf. The extent of the sub-surface waters of the Kattegat and the Baltic proper are affected by the inflow/outflow rates of these currents. The local distribution of surface water in the different parts of the region is generally determined by the wind regime and the Coriolis force. The depths in the region vary greatly, from less than 20 m over the large coastal plains in the German Bight, the western Kattegat and the southern Baltic, to the mid-shelf zone of 20 to 100 m found throughout the majority of the region, to the outer shelf, shelf break and deeper zone of 100 to 500 m found in the northern North Sea, the Skagerrak, the northern Kattegat and the Baltic proper.
Data collection. Modelling of the scale of attraction to the ship and spatial variation of trawlers and attracted seabirds was based on data collected during 4 cruises in February-March 1990 -1993 . These data were considered relatively homogenous, as they were sampled during the same season from a single ship (Swedish research vessel RV 'Argos'), which used the same gear (GOV bottom trawl) and trawling practices ( 1 / 2 h trawling; ICES 1996). In addition, the sampling intensity and methodology applied for recordings of working trawlers were comparable with the RV 'Argos' surveys. Verification of the spatial models was made using data sampled in November 1994 (GOV bottom trawl and experimental discarding) and May 1997 (experimental discarding) onboard the Danish research vessel RV 'Dana'. Five species of seabird were commonly attracted to the ship, and were chosen for analysis: fulmars, common gulls Larus canus, herring gulls Larus argentatus, great black-backed gulls Larus marinus and kittiwakes Rissa tridactyla.
The abundance of seabirds attracted to the ship was assessed from the top deck of the ship. For each species, the maximum number present within a full circle of radius 500 m from the ship at any stage of the haul (0.5 h) was recorded. During the 1994 test cruise, samples of fresh fish, offal and benthic invertebrates were taken from each haul and offered to the seabirds, while during the 1997 test cruise, seabirds were attracted using standardised samples of small (<10 cm) clupeids mixed with popcorn and sawdust.
Line transect counts of seabirds at sea and working trawlers were made while steaming between stations at a speed of 8 to 10 knots. Line transect data were split into time periods of 10 min (equivalent to ca 3 km). Trawlers were recorded in the count period, when they were at the closest range from the research ship. During the RV 'Argos' cruises trawlers were recorded within a distance of 1 mile from the ship. During the test cruise in November 1994, trawlers were recorded at the station by radar within a distance of 3 n mile (see Camphuysen et al. 1995a for details), and during the test cruise in May 1997 they were recorded within a distance of 2 n mile from the station.
The local abundance of seabirds at sea was recorded from the bridge wing by an observer, using the methods described by Tasker et al. (1984) and Webb & Durinck (1992) . A transect width of 300 m was operated within a 90°sector. Birds seen farther away than 300 m or on the other side of the survey ship were ignored, thereby ensuring a high recording efficiency within the counting zone. Observations were halted at Beaufort sea states higher than 6. To ensure correct delimitation of the transect, range finders were used. Correction for undetected birds away from the centreline was made by calculating the proportion of birds recorded within the transect using the half-normal function in the DISTANCE software package (Laake et al. 1993) .
Hydrographic data. The distribution of wintering seabirds in the study region is profoundly influenced by the strong gradients in surface salinity, pycnocline depth and water depth (Durinck et al. 1990 , Laursen et al. 1997 , Skov & Durinck 1999 . Synoptic data on surface salinity, pycnocline depth and water depth were taken at the trawl stations. Salinity was measured on board RV 'Argos' with an AGE 2100 Salinometer (Ottawa, Canada), and onboard RV 'Dana' with a Neil Brown (Mark III) CTD.
Fish data. During winter, the community of small fish in the Kattegat and Skagerrak is dominated by young herring, which is a key prey item for many species of seabirds wintering in the region (Madsen 1957 , Durinck et al. 1991 , Skov et al. 2000 . Synoptic data on the density (number per trawl hour) of small herring (< 20 cm) were taken at the trawl stations according to standard methods and procedures described elsewhere (Anon. 1992 , ICES 1996 . The potential for data collected by GOV trawl to display spatial patterns of juvenile clupeids has been shown by Munk & Christensen (1990) . Analysis and data interpretation. The following statistics on attracted seabirds and working trawlers were computed using data from the RV 'Argos' cruises. In order to evaluate the stability of the species composition of attracted seabirds at the ship, inter-specific correlations were determined by Spearman rank correlation analysis. In order to determine the scale over which the attraction to fishing vessels occurs we compared the numbers of attracted seabirds at the trawl station with the local densities obtained outside the trawl station (line transect counts). The attraction radius was estimated by: 1(attraction area/π), assuming equal attraction from all directions around the ship. The attraction area was estimated by dividing the specific number attracted with the local density, which was obtained within the distance of 25 km to the trawl station. A GIS-based buffer analysis routine (Microstation PC) was applied in order to calculate mean densities recorded within a radius of 25 km from each trawl station. To verify the relationship between the number of seabirds attracted to the ship and local densities at sea, Spearman rank correlation analysis was performed at the scale of 25 km.
The strength of the spatial relationship between abundances of attracted seabirds and working trawlers was tested by Pearson correlation analysis and by displays of abundance data on oceanographic gradients derived from principal component analysis (PCA) of the synoptic data on surface hydrography, water depth and abundance of young herring. The assumption of a positive correlation between trawler density and abundances of attracted seabirds at the research ship may become biased during situations where large quantities of fish waste are discarded from trawlers located within the attraction distance to the research ship. To reduce this bias the correlation analysis and PCA were carried out using data averaged at a scale of 15' N × 30' E.
Trends in spatial overlap between potential scavengers and trawlers, indicated by the displays on the first and second PCA axes, were tested by plotting data on attracted birds and trawlers, collected during the RV 'Dana' cruises, in relation to the ranges of synoptic hydrographic data. During the test cruise in May 1997, detailed data on pycnocline topography were collected in the Skagerrak synoptically with recordings of trawlers and attracted sea birds.
RESULTS
Counts of attracted seabirds were made at a total of 275 stations and samples of the abundance of seabirds at sea and working trawlers were made along a total of 3780 n mile of line transects (Fig. 1, Table 1 ).
The composition of seabird aggregations at the ship varied both between and within years ( Table 2 ). The analysis of inter-specific correlations stressed that the relative abundance of species was not consistent in these aggregations (Table 3) . A big difference in the spatial variability of trawlers and attracted seabirds was found in the North Sea-Baltic Sea interface. Trawlers were mainly recorded working in shelf waters, the highest frequencies of trawlers being found in upper shelf waters west of Denmark, in several places in the Kattegat and in the western Baltic Sea. Few trawlers were observed in the deeper waters of the Norwegian Trench. Fulmars attracted to the ship 292 were confined to areas of higher salinity in the Skagerrak and the North Sea, and no birds were observed in the half of the region with surface salinities below 32 psu (inner German Bight, Kattegat, Baltic Sea). Maximum numbers of attracted fulmars occurred at the shelf break and in deeper waters in the central Skagerrak. Common gulls were attracted in all waters, yet the largest numbers were observed in estuarine waters in proximity to coastal areas of the German Bight, Kattegat and western Baltic Sea. Herring gulls were also seen throughout the region at the ship, but large numbers of this species predominated in the easternmost part of the region in the Bornholm Basin, in the southern and eastern Kattegat and in midshelf waters of the Skagerrak. The distribution of attracted great black-backed gulls resembled the distribution of herring gulls in the Kattegat, yet the largest numbers of great black-backed gulls were recorded off the Swedish Skagerrak coast. The range of attracted kittiwakes spanned most of the study region in the North Sea, Skagerrak and Kattegat, but no birds were attracted in the areas with surface salinities below 20 psu (Belt Sea, Baltic Sea). The largest numbers of kittiwakes were seen in the midshelf waters in the Skagerrak-Kattegat of 20 to 40 m depth. The analysis of association between seabirds attracted to the ship and seabirds recorded outside trawling stations showed significant correlations for all 5 seabird species (p < 0.01, n = 303) at the scale of 25 km. The estimated attraction distances were relatively small for all species, being smallest for fulmar (< 3 km) and common gull (< 4.4 km) and largest for herring gull (< 8.5 km) and great black-backed gull (< 5.8 km, Fig. 2) .
The correlation between attracted seabirds and local densities of trawlers was not significant (p > 0.01) for all study species during all 4 surveys. The principal component analysis summarised the synoptic oceanographic data efficiently. The first and second axes, which account for 78% of the standardised variance, illustrate the main variation in hydrography, from shallow shelf and estuarine water masses to shelf break areas and water masses with higher salinity, and the variation in abundance of young herring respectively. When displayed on these 2 major gradients, trawlers and attracted seabirds also showed limited spatial overlap (Fig. 3) . The observed dispersal of trawlers was apparently not related to 1 of the 2 PCA axes; a continous zone of 293 Fig. 2 . Estimates of the average distance over which scavenging seabirds were attracted to the ship. Standard errors are indicated by dotted lines. Average distance of attraction for a given species is estimated from the number of scavenging individuals and the average density of birds within 25 km of the trawler, assuming equal attraction from all directions higher densities of trawlers spanned the lower and middle ranges of PCA1 as well as PCA2. Variation in the number of attracted fulmar and kittiwake were mainly associated with the hydrographic axis (PCA1), and both species showed peak abundances in a narrow zone of the upper range of the PCA1 axis. The number of attracted herring gull and great blackbacked gull seemed mainly associated with the abundance of herring (PCA2), the largest numbers of both species being seen in the upper range of PCA2 across the whole range of the hydrographic axis. The number of common gulls was not clearly related to any of the 2 PCA axes, as the highest numbers were seen in the lower range of PCA2 and over the whole range of PCA1.
The comparisons of results obtained in the 2 test scenarios suggests only coincidence between trawlers and numbers of seabirds attracted to the research ship (Figs. 4 & 5) . On the RV 'Dana' cruise in November 1994, trawlers were observed in 3 areas of the Kattegat and 2 areas of the Skagerrak, yet the observed patterns of the study species attracted to the ship were not consistent within these areas. The number of attracted fulmars was strongly related to surface salinity, as no birds were attracted in low salinity waters, and peak numbers were confined to high salinity (> 33.5 psu) areas, where no trawlers were observed. Peak numbers of common gulls were recorded in the low salinity region between 23.0 and 24.5 psu in the southeastern Kattegat, overlapping with 2 of the trawler areas in the Kattegat, but not with the third area in the more saline northern Kattegat, or with the 2 areas in the Skagerrak. The observed patterns of attracted herring gulls and great black-backed gulls were rather similar. Both species were attracted to the ship throughout the study area. As for the common gull, the largest numbers of both species appeared in the southeastern Kattegat at around 23 to 24.5 psu where trawlers were working, while fewer birds were attracted in trawler areas where salinity exceeded 26 psu. The pattern of kittiwake attendance was again different. No birds or low numbers of birds were attracted in the low-saline extreme southeastern corner of the Kattegat, in the central Kattegat, where several trawlers were observed, or in the northern part of the Skagerrak. However, high numbers of the species were observed on the shelf of the Skagerrak and in the central Kattegat. No clear overlap between peak numbers of attracted kittiwakes and the presence of trawlers was apparent. During the RV 'Dana' cruise in May 1997 it was possible to compare simultaneous observations of trawlers and attracted fulmars at different distances from the zone of maximum upwelling in the Skagerrak, with which this species is associated (Skov & Durinck 1998 . Although trawlers were mainly observed in areas characterised by a deep pycnocline, fulmars were only attracted in larger numbers in the parts of the Skagerrak where the pycnocline was shallower than 40 m (Fig. 5) .
DISCUSSION
The modelled distribution of trawlers and attracted seabirds across oceanographic regimes in the Baltic Sea and the North Sea and the results obtained during test cruises indicate that the concurrence of fisheries and potentially scavenging seabirds is limited. We consider the spatial model to be robust, given the fact that the RV 'Argos' cruises covered the oceanographic gradient well, and that more than 700 n mile of line transects were sampled during each of these cruises. Unfortunately, due to the lack of previous studies of the distribution of trawlers in the Skagerrak, Kattegat and the Baltic Sea, no judgements of longer-term characteristics of the regional dispersal of fisheries can be made. The diet of the 5 seabird species in the region during the non-breeding season is simply unknown, yet the discontinuities reported in the distribution of the 5 'scavenging' species of seabirds in relation to oceanographic regimes is in accordance with regional studies on seabird distributions at sea. Fulmar distribution in the region is characterised by low densities in low-saline waters and persistent peak densities in the zone of maximum upwelling in the Skagerrak, defined by the minimum depth of the pycnocline , 1998 , Skov et al. 1999 . Our results, in particular the plot of the number of attracted fulmars in relation to the depth of the pycnocline (Fig. 5) , indicate that the distribution of potentially scavenging fulmars agrees exactly with the distribution of fulmars observed away from trawlers. The dispersal of the other 4 species follows the same trend. Common gulls attracted to the ship were only frequently observed at stations in estuarine and coastal areas, which seem to comprise the most important habitat for wintering common gulls in the North Sea . In the Skagerrak-Kattegat, the range of large numbers of herring gulls, great black-backed gulls and kittiwakes spanned the distribution of nursing immature North Sea herring, and peak numbers were found within the 20 to 40 m depth zone of the mid shelf, where herring patches prevail (Skov et al. 2000) . The 'normal' distribution of these 3 gull species does not deviate substantially from this pattern (Durinck et al. 1994 , Laursen et al. 1997 . Unlike the 2 larger species of gulls, kittiwakes were not attracted to the ship south of the range of North Sea herring, and not a single bird was seen at stations in the Baltic Sea. The absence of wintering kittiwakes in the Baltic Sea is a general feature found during all extensive surveys (Durinck et al. 1994 , Laursen et al. 1997 .
The pronounced variability in species composition of seabirds attracted to the ship, the small estimated attraction distances, the mismatch in the spatial variation of trawlers and seabirds and the fact that the distribution of potentially scavenging seabirds mirrors the 'normal' distribution of these species in the region, make us suggest that the interaction between trawlers and seabirds is a small-scale process. The existence of intra-specific correlations between birds attracted to the ship and birds recorded outside stations also indicates that the abundance of potential scavengers was determined primarily by coarse-scale processes related to hydrographic features and gradi- ents in the supply of natural foods, rather than by variability in the supply of fish waste from trawlers. The suggestion that fish waste from trawlers only offers seabirds supplementary food sources is in agreement with estimates of the proportion of scavengers near and away from trawlers, obtained during coordinated studies of scavenger abundance in the North Sea (Camphuysen et al. 1993 , Camphuysen et al. 1995a . During these studies the proportion of birds near trawlers varied from 5 to 37% for fulmars, from 1 to 9% for gannets, 0 to 3% for great skuas Catharacta skua, 0 to 100% for common gulls, 0 to 55% for lesser black-backed gulls Larus fuscus, 0 to 83% for herring gulls, 6 to 25% for great blackbacked gulls and 1 to 25% for kittiwakes. Processes such as the discarding of fish waste from working trawlers may resemble other small scale events attracting seabirds at sea, like the spill-over from feeding whales (Harrison 1979 , Evans 1982 and increased availability of prey near flocks of other feeding seabirds (Cramp 1983) . However, it remains to be shown whether the importance of such events to seabirds depends on location in relation to the boundaries of coarse scale marine habitats.
Does the local nature of potential scavenging as seen in this region challenge the common statements regarding the dependence of seabirds on discards (e.g. in the North Sea -Campuysen et al. 1995 , Garthe et al. 1996 ? By this hypothesis, dependence should control foraging strategies of scavenging seabirds at least during the non-breeding season, and we should expect gradients in their abundance towards areas with high rates of discards. During the breeding season, low availability of favourable 'natural' food may induce dependence on discards, and the phenomenon has been documented during the breeding season for great skuas (Furness 1987 , Hamer et al. 1991 ), Audouin's gull Larus audouinii and yellow-legged gull Larus cachinnans (Oro et al. 1995a,b) .
The mean attraction ranges estimated from feeding experiments during the Feb 93 International Bottom Trawl Surveys (IBTS) in the North Sea (Camphuysen et al. 1993 ) correspond well with the estimates obtained for the same species during this study. However, during both studies seabirds were attracted to research ships following IBTS trawling procedures and experimental discarding, which may be less effective than commercial trawlers, and thus result in underestimates of attraction ranges. Further underestimation of real attraction distances may be expected in situations where groups of trawlers are working within a smaller area. It is thus desirable to verify the results of this study for trawling activities over longer time scales (i.e. for fishing fleets working for prolonged periods in an area).
Our results underline that when the consumption of fish waste by seabirds is estimated irrespective of marine habitat, then an overestimate is likely for species with strong habitat affinities. If a local response to variability in fishing effort is a general phenomenon in the ecology of non-breeding seabirds, then earlier estimates of seabirds' consumption of discards are biased and should be used with caution (Garthe et al. 1996 , Tasker & Furness 1996 . Assessments of the proportion of seabird populations that regularly uses discards and offal require realistic small-scale estimates of seabirds' total consumption rates as a basis for judgements on the impact of changes in fishing practices on seabird populations. The fact that seabirds' use of fish waste is inversely correlated with the availability of natural prey (Hamer et al. 1991 , Walsh et al. 1991 , Camphuysen et al. 1995a ) also shows the need to estimate seabirds' consumption of natural/man-made foods in 'normal' as well as in 'emergency' situations. In order to improve our advice on future fishing practices we need to expand our knowledge of the habitat requirements and basic diets of potential scavengers considerably. The fact that knowledge of natural food selection is virtually non-existent for many areas of the nonbreeding range of potential scavengers on the Northwest European Shelf emphasises the research effort required if we want to achieve a more elaborate understanding of the role of seabirds in the marine ecosystem.
